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FOREWORD 


This report represents a modification of an existing 
General Dynamics Fort Worth Division Report MR- P-3 62, Data 
Analysis Report for YF-16 0» 15-Scale Inlet Conducted at 
NASA/Lewis « by P. C. Learner. The requirements of NASA Policy 
Directive NPD 2220.4 regarding the use of SI Units have been 
waived in accordance with the provisions of paragraph 5d of 
that Directive by the Director of Lewis Research Center. 
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SUMMARY 


A 0.15-scale model of an underfuselage engine inlet de- 
signed for a single-engine fighter airplane was tested in 
the NASA Lewis Research Center's 8- by 6- ft wind tunnel. 

The inlet is a kidney- shaped, fixed-geometry, normal-shock 
configuration displaced from the fuselage to prevent inges- 
tion of fuselage boundary layer. A short splitter plate ex- 
tends forward of the top surface of the inlet to isolate the 
inlet shock from the fuselage boundary layer. 

The purpose of the test was to obtain the performance 
of a baseline inlet and the effects of several configuration 
variations. These variations were splitter-plate length 
and included angle, fuselage boundary- layer-diverter height, 
cowl sidewall cutback, splitter-plate boundary- layer bleed, 
and vortex generators in the inlet duct. The effects on 
inlet performance of an airplane nose boom, of struts in the 
boundary- layer diverter channel, and of throat rakes in the 
inlet were also determined. Inlet data were obtained as a 
function of angle of attack, angle of sideslip, and simu- 
lated engine airflow in the 0.6 to 2.0 Mach number range. 

The model was instrumented primarily to obtain the air- 
flow, pressure recovery, steady-state and instantaneous total 
pressure distortion, and turbulence levels at the engine face. 
Additional instrumentation was provided to determine the pro- 
perties of the inlet flow field upstream of the inlet, at 
the inlet throat, within the inlet duct, and in the fuselage 
boundary- layer diverter channel. 

The test results demonstrated the following; 

1. The performance characteristics of the baseline 
inlet configuration are good. The turbulence levels 
are generally low, and the model data indicate 

that the full-scale pressure recoveries are ade- 
quate for the mission and maneuver requirements of 
the airplane. 

2. The inlet flow remains stable (no buzz) for all 
conditions within the flight and maneuver envelope 
of the aircraft. 
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The flow- field measurements ahead of and at the 
splitter-plate leading edge confirm that the di- 
verter stand-off distance and the outboard diver- 
gence between the upper plate and the fuselage are 
adequate to prevent low-energy air from entering 
the inlet. 

4. No throat-plane flow separation was detected at 
Mach 1.6 for the baseline inlet, but some did occur 
at Mach 2.0 at the outboard rake stations. 

5. The slotted-ramp, trimmed-splitter-plate with cut- 
back-cowl, and the 13°-non-porous-ramp configura- 
tions did not eliminate the high-Mach-number throat- 
plane flow separation. However, the 13°-porous- 
rarap-bleed inlet offered some potential for eliminat- 
ing this separation. 

6. Vortex generators provided no real improvement in 
engine-face pressure distribution, and generally 
caused a decrease in pressure recovery and an in- 
crease in turbulence levels. 

7. The nose boom and the diverter struts had no effect 
on inlet perfoinnance. 

The throat rakes had a small effect on inlet pres- 
sure recovery at some of the subsonic test condi- 
tions. These rakes were removed for all of the 
performance testing. 
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INTRODUCTION 


The inlet described in this report was designed for a 
single-engine, lightweight, low-cost, multi-role tactical 
fighter airplane. The airplane's primary mission is air 
superiority in the subsonic-to-Mach 1.6 speed range, with 
a dash capability to Mach 2.0. The inlet for such an air- 
craft must maintain high pressure recovery (engine thrust) 
and low pressure distortion (freedom from engine stall) dur- 
ing maneuvers at high angle of attack. To aid in selecting 
the inlet type for this application, analytical trade stud- 
ies were made which compared the weight and performance of 
the following inlet types : 

. Variable ramp (M^jesign ~ 2.2) 

. Fixed ramp or spike with bypass (M^esign “ 2.0) 

. Normal- shock inlet 

It was concluded from these trade studies that a fixed- 
geometry, normal-shock inlet configuration, located in the 
protective flow field of the airplane forebody, would meet 
the mission requirements, with minimum cost and weight. 

In this report, the results of the third of a series of 
development tests to define the design and performance of 
the inlet are presented. The first two tests, using the 
same basic 0.15-scale inlet model and reported in References 
1 and 2, established that a kidney-shaped inlet conforming 
to the rounded bottom of the fuselage was the best overall 
design. Other inlet designs tested were a D-shaped normal- 
shock inlet, a wedge-ramp inlet, and a precompression-bump 
inlet. In addition to inlet type and shape, other config- 
uration variables that were tested included forebody shape, 
boundary- layer diverter design, and cowl-lip bluntness. 

The third test, conducted at the NASA Lewis Research 
Center in 1972, thoroughly documented the performance of 
the then-currently selected inlet as a baseline configura- 
tion, and tested small variations in inlet configuration 
that had resulted from airplane/inlet design interactions 
or that had the potential for improving inlet performance. 
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In addition to inlet performance, the characteristics of 
the flow field upstream of the inlet and at the inlet throat 
were measured. 

The inlet model was tested in the NASA Lewis Research 
Center's 8- by 6- ft Wind Tunnel over the Mach number range 
0.6 to 2.0 at angles of attack from -10° to 40° at subsonic 
speeds and from -5° to 20° at supersonic speeds. Angle-of- 
sideslip effects were obtained to 15° subsonically and to 
10° supersonically. Model airflow simulated the complete 
range of engine airflow and determined the stability limits 
of the inlet. 

This report contains a description of the model and 
its instrumentation and the results of the test that are 
related to steady-state inlet performance and flow-field 
characteristics. The high-response pressure-distribution 
data related to inlet/engine compatibility are not included 
in this report but are available in Reference 3. Although 
these tests were part of the development of a particular 
inlet type for a specific aircraft and mission, the results 
are pertinent to inlets of the same type and integration 
characteristics regardless of the application. 
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SYMBOLS 


B.L. 


Buttock line, inches 


(L 


Centerline 


CW 


Clockwise 


DELTA P 
DXl 


F.S. 


Fan distortion index, defined as Ka2/Ka2)Limit 
Fuselage station, inches 


Ka2 


Ka2) Limit 


L.E. 


Pressure distortion factor for engine fan 
based on the 40 steady-state total-pressure 
probes at the compressor face (See Appendix B) 

Ins tantaneous screening limit of fan pres- 
sure distortion factor as defined by Pratt 
and Whitney Aircraft (See Appendix B) 

Leading edge 


M 


Mach number 


P 


Static pressure 


pt 

^^Max 




^To 

^TRMS 


Total pressure 

Maximum total pressure at each test condi- 
tion from the 40 steady-state compressor- 
face probes 

Minimum total pressure at each test condi- 
tion from the 40 steady-state compressor- 
face probes 

Freestream total pressure 

Root-mean- square average of high-response 
total pressure 
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SYMBOLS (Cont'd) 


Ptrms 



PT2 


The average of the PtrmS values, calculated 
by analog computer, from 20 selected high- 
response pressure probes at the compressor 
face (selected probes are denoted in this 
report as the shaded ones in Figure 18) 

Total pressure at compressor face 

Average compressor-face total pressure 


Trj,„ Total temperature of airflow at compressor 

^ face, °R 

W Airflow, Ibm/sec 


W.L. Waterline 

WC2 Engine corrected airflow, W V^/ 52s Ibm/sec 

Y Distance from surfaces, inches 


a. (or ALPHA) Angle of attack, degrees, measured between 

waterline plane and freestream direction. 
Positive ot is nose up. 

^ (or BETA) Angle of sideslip, degrees, measured between 

buttock-line plane and freestream direction. 
Positive fi is nose left. 

^2 Rel^ative pressure at compressor face 

= Px 2 > psia/14.696 

02 Relative temperature at compressor face 

= TT2, °R/518.7 
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APPARATUS AND PROCEDURE 


Test Facility 


The model was tested in the NASA Lewis Research Center's 
8- by 6-Foot Supersonic Wind Tunnel at Cleveland, Ohio. 

This wind tunnel is a continuous -operation closed- or open- 
circuit wind tunnel with a maximum Mach nxamber of 2.1 and a 
lower Mach number limit determined by model blockage or 
shock reflection. During this test the tunnel was operated 
as a closed-circuit tunnel and the minimum Mach number was 
0 , 6 , 


The tunnel is driven by an electrically powered com- 
pressor supplying a maximum of 2 x 10^ cu ft of air per 
minute to a flexible-wall nozzle which can be varied to 
control test-section Mach number. The test section, 39 ft 
long by 8 ft high by 6 ft wide, has a supersonic section 
and a perforated transonic section. Following the test sec- 
tion, the air enters a cooler and a drier to complete the 
closed air circuit. Additional information on the operating 
characteristics, model support system, and data systems for 
this tunnel is provided in Reference 4. 


Model Description 


The composite forebody /inlet model is shown installed 
in the NASA/Lewis 8- by 6-Foot Wind Tunnel in Figure 1. 

The model is a 0.15-scale simulation of true airplane geome- 
try from the nose boom to fuselage station (F.S.) 250 (full 
scale) on the upper surface and to F.S. 262.5 on the lower 
surface. External contours of this portion of the airplane 
forebody and inlet are shown in Figure 2. Internal inlet 
lines, shown in Figure 3, are simulated to the engine face. 

The internal area distribution of the relatively long S- 
shaped duct is given in Figure 4. 

The general arrangement of the model is shown in Fig- 
ure 5. The model consists of a support beam, fuselage fore- 
body, inlet cowl, fuselage-boundary-layer diverter, secondary- 
air inlets, subsonic duct, primary-airflow metering system, 
pitch and yaw mechanism, and tunnel sting adapter. Pitch 
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and yaw mechanisms, not shown in Figure 5, were required to 
extend the pitch and yaw range of the 8- by 6-Foot Wind- 
Tunnel support strut to the 40 pitch and 15 yaw angles 
required for testing this inlet/forebody model. 

Three different inlet cowl designs were tested on the 
model. Two of these cowls were modified to provide a total 
of five different inlet configurations. These configura- 
tions are described below: 

(1) C13 This baseline configuration, which simu- 

lates the YF-16 inlet, has an upper 
splitter-plate extension of 10 inches and 
a solid (non-porous) ramp with a 5° in- 
clination to the flow. The splitter- 
plate standoff distance from the fuselage 
is 3.65 inches at the leading edge. Full- 
scale inlet capture area is 826.7 square 
inches with a throat area of 713 square 
inches. This inlet is shown in Figure 6. 

(2) C13A Configuration C13A is cowl C13 with a 

slotted ramp for boundary- layer bleed. 

The bleed air is discharged into the di- 
verter channel through exits as shown in 
Figure 6. 

(3) C15 Ci5 is identical to the baseline configu- 

ration (C13) except for the 13° porous 
ramp. This inlet configuration is shown 
in Figure 7 . 


(4) 

C15A 

Configuration C15A is 
the porous ramp bleed 

cowl C15 
. Refer 

without 
to Figure 7 . 

(5) 

C14 

Configuration C14 has 

cut-back 

cowl sides. 


a trimmed splitter plate which extends 
forward 8 inches, and a slightly smaller 
inlet capture area (819 sq. in.). This 
inlet is depicted in Figure 8. 


8 



Each of these inlet cowls incorporated a thin, inclined, 
vertical tension strut to reduce cowl deformation under 
bursting pressure loads. This strut is visible in the inlet 
shown in Figure 1. 

To ensure that a turbulent boundary layer would exist 
on the splitter plate, thus simulating full-scale inlet 
operation, a strip of grit 0.15 in. wide and 0.004 in. 
thick (actual dimensions, model scale) was placed on the 
underside of the splitter plate 0.25 in. from the leading 
edge. 


The forebody boundary layer was diverted from the inlet 
by a reflex-curve diverter, shown in Figure 9. Secondary 
air inlets terminate the diverter at its outboard edges. 

The model permitted testing a range of diverter heights; 
heights of 3.30 inches and 3.65 inches (full scale) were 
tested . 

From the inlet cowl, the subsonic duct extends to the 
simulated engine face, where the pressure recovery of the 
inlet is measured. Just downstream of the engine face is a 
calibrated flow-metering system having a remotely positioned 
conical plug that varies the flow exit area. These parts 
are shown in Figure 5. 


Instrumentation 


The model was instrumented to obtain steady-state and 
high-response pressures in the external flow field, on the 
forebody, within the inlet, and in the flow-metering system. 
The high-response data system is not discussed in this report 
but is described in Reference 3. The Lewis Research Center 
scanivalves and data system were used to acquire and record 
all steady-state pressures. 

Model instrumentation is illustrated in Figures 10 
through 18. All station numbers and dimensions shown in 
these figures are full-scale. The principal stations for 
instrumentation on the model are shown in Figure 10. The 
locations of static-pressure taps on the forebody and the 
boundary- layer diverter are shown in Figure 11. Three 7- 
tube rakes at F.S. 155, shown in Figure 12, were employed 
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to evaluate flow properties of the fuselage boundary layer 
forward of the inlet. 

Measurements of the flow characteristics at the lead- 
ing edge of the top of the cowl (the splitter plate separat- 
ing the inlet airflow from the fuselage boundary layer) were 
made by the rakes shown in Figure 13. A special "splitter- 
plate-only” configuration, which simulated the extension of 
the upper cowl plate without the cowl enclosure, was util- 
ized for these flow-field surveys. A photograph of the 
splitter plate and its ins trimentation installed on the 
model forebody is presented in Figure 14. 

Throat total-pressure and cowl static-pressure tap lo- 
cations are shown in Figure 15 . The throat rakes and other 
flow- field instrumentation were removed before inlet engine- 
face performance was measured. A photograph of the throat 
rake instrumentation is presented in Figure 16. The loca- 
tions of the duct-wall static-pressure taps are shown in 
Figure 17 . 

Inlet total-pressure recovery was obtained from eight 
5-tube rakes at the simulated engine-face station, as shown 
in Figure 18. The probes were positioned in centers of equal 
area. High-response pressures were obtained from probes and 
Kulite transducers located as shown in Figure 18 . This high- 
response data was used in inlet/engine compatibility studies 
(not included in this report) and in the measurement of the 
turbulence levels of the inlet flow. The solid symbols 
(squares) shown in Figure 18 designate the probes used_to _ 
obtain the average value of the turbulence parameter, 

Static-pressure taps at the flow-plug exit measured the 
pressure at that point for use in determining the rate of air- 
flow through the inlet. 


Test Conditions 


The inlet model was tested over the following range of 
test conditions: 

Mach No.: 0.6, 0.9, 1.2, 1.38, 1,58, 1.78, 

and 1.96 
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Reynolds No . : 

Angle of Attack: 

Angle of Side- 
slip : 

Airflow : 


3.8 X 10^ per ft at M = 0.6 to 
5.0 X 10^ per ft at high supersonic 
speeds 

-10*^ to 40°, subsonic 
-5 to 20 , supersonic 

0° to 15°, subsonic 
0° to 10°, supersonic 

Varied with Mach number to span the 
engine airflow range from below 
minimum hot-day idle airflow to ap- 
proximately 10 percent greater than 
maximum engine airflow 


The complete as-run test program is given in Appendix A. 


Reynolds Number Effects on Boundary-Layer- 
Diverter Height 


Proper scaling of the required boundary- layer-diverter 
height from 0.15-scale testing to full-scale flight condi- 
tions necessitates consideration of the Reynolds numbers 
for the two conditions. At full-scale flight conditions and 
Mach 2.0, 50,000 ft of altitude, the calculated Reynolds 
nvimber and flat-plate boundary- layer thickness at the split- 
ter plate leading edge are 27.1 x 10^ and 2.62 inches, re- 
spectively (based on an effective length of 11.5 ft). For 
the wind-tunnel test conditions at Mach 2.0 (Reynolds No. 
per ft = 5.0 x 10°), the corresponding full-scale calculated 
boundary- layer thickness is 2.97 inches. Thus, the boundary 
layer is relatively thicker on the model than on the air- 
plane by about 13 percent. From previous tests, it was 
established that a diverter height about 25 percent greater 
than the calculated flatplate boundary- layer height is de- 
sirable for the flow field associated with this configura- 
tion and its operating envelope. Diverter heights of 3.30 
and 3.65 inches (full scale) were tested. 
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DISCUSSION OF RESULTS 


The data obtained during this test were used primarily 
to select the best inlet configuration from the several 
that were tested and to define the performance and distor- 
tion levels of that inlet as a function of Mach number, angle 
of attack and sideslip, and engine airflow. Measurements 
in the flow field ahead of the inlet and at the inlet allowed 
determination of the characteristics of the boundary layer 
ahead of and over the splitter-plate leading edge. The ex- 
tent of flow separation at the inlet throat caused by inter- 
action of the normal shock with the splitter-plate boundary 
layer was obtained from throat-rake instrumentation. The 
potential of several ramp and splitter-plate modifications 
in reducing flow separation at the throat was investigated. 
The effects of minor configuration variables such as the 
airplane nose boom and duct vortex generators were also de- 
termined . 

The test results are presented in the following order: 

1. Performance of the selected inlet configuration 
(C13) for the most important operating conditions. 

2. Detailed performance for the selected configuration 
as affected by Mach number, angle of attack and 
sideslip, and airflow. 

3. Pressure distribution of the airflow at the engine 
face for the selected configuration. 

4. Characteristics of the flow at various points up- 
stream of and within the inlet. 

5. Effects of boundary- layer diverter height on the 
inlet flow field and inlet performance. 

6. Effects of configuration variables on inlet per- 
formance . 
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Selected Inlet Configuration 


The baseline inlet configuration, designated C13, was 
selected as the preferred inlet. This inlet is shown in 
Figure 6. It has a 10- inch- long splitter plate of minimal 
thickness (5*^ included angle). No internal throat boundary- 
layer bleed is employed. Fuselage boundary layer is diverted 
by means of a 3 . 65 -inch-high (full scale) wedge-type diverter. 

The performance of this inlet is presented below, first 
in summary form at the principal operating conditions, and 
then in detailed form for all the flight and operating con- 
ditions that were tested. The data shown is that obtained 
from the model without correction for scale effects. The 
nose boom was mounted on the forebody. 

Sxjmmary of Performance for the Selected Configuration 

Pressure recovery of the C13 inlet at rated engine cor- 
rected airflow (WC2), 1° angle of attack (o), and zero 
sideslip ( yS ) is shown versus Mach number in Figure 19. For 
comparison, the pressure recovery computed from theoretical 
normal-shock losses and subsonic duct losses of Reference 5 
is also presented. As would be expected for this inlet type, 
agreement between experimental and computed pressure recover- 
ies is good. At an angle of attack of 1°, the local Mach 
number at the inlet is only about 0.005 less than freestream 
Mach number. 

The effect of airflow on inlet pressure recovery at 
Of = 1° and J3 = zero is shown in Figure 20 for the various 
test Mach numbers. The computed subsonic duct loss that 
was used with the shock loss to obtain the computed pressure 
recovery in Figure 19 is also shown in Figure 20. 

The effect of angle of attack on pressure recovery at 
rated airflow is shown in Figure 21 for the test Mach num- 
bers. Note that the precompression effect of the airplane 
forebody at positive angles of attack causes a significant 
improvement in pressure recovery at supersonic speeds and 
causes a corresponding decrement at negative angles of 
attack. 
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A comparison of the range of a and covered in the 
model test and the required range for inlet/engine compati- 
bility during aircraft maneuvering is presented in Figure 22 
for subsonic and supersonic flight speeds. The range of 
test conditions meets or exceeds these maneuverability re- 
quirements. Except for a few extreme conditions, the test 
range also exceeds the predicted range of a and yS for maxi- 
mum-g rolling pullouts, as shown by the shaded areas in Fig- 
ure 22. 

In Figures 23 through 29, the effects of a and yS on 
pressure recovery, distortion, and root-mean-square turbu- 
lence are shown for rated airflow at each of the test Mach 
numbers. Distortion of the flow at the simulated engine 
face_is given in terms of Jthe conventional parameter 
dP/PT2 = (^Tmax " distortion index 

DXl. DXl is the ratio of the fan pressure distortion factor 
to the limiting distortion factor for inlet /engine compati- 
bility defined by the engine manufacturer. The term "Series 
II" that is applied to DXl in the plotted curves refers to 
the particular correlation of engine stall margin with engine- 
face pressure distribution for the Pratt and Whitney Aircraft 
FlOO engine that was in effect at the time of this test. If 
DXl approaches 1.0, further study of the instantaneous dis- 
tortion levels obtained from high-response transducers is 
warranted to determine potential conditions of inlet/engine 
incompatibility. 

The turbulence of_the flow at the engine face station 
is presented as PTrms^^T 2 average of the root- 

mean-square of the pressure fluctuations, measured on 20 
high- response pressure probes, divided by the average engine- 
face total pressure. The turbulence parameter and the dis- 
tortion parameter DXl are combined in the process of predict- 
ing inlet/engine compatibility. This process is not dis- 
cussed in this report but is presented in Reference 3. 

The data in Figures 23 through 29 show that, subsoni- 
cally, the performance characteristics of the inlet are 
essentially constant for angles of attack up to about 30° 
but degrade at a = 40°. With the exception of pressure 
recovery, the performance parameters are also fairly insen- 
sitive to angle-of-attack variations at supersonic speeds. 
Supersonically the pressure recovery levels vary significantly 



with angle of attack, showing a favorable increase with in- 
creasing angle of attack. 

The inlet buzz limits were determined by throttling the 
airflow until the normal shock forward of the inlet became 
unstable and produced a high level of turbulence and distor- 
tion. The airflows at which buzz was encountered in the C13 
are shown in Figure 30 as a function of Mach number, angle 
of attack, and angle of sideslip. The airflows at which 
buzz occurs are well below the minimum engine airflows for 
realistic operating conditions. 

DetailedPerformance for the Selected Configuration 

One of the major objectives of the test was to completely 
map the performance of the selected inlet configuration for 
all conditions within the flight and maneuver envelope of 
the aircraft. Data were obtained at Mach numbers from 0.6 
to 1.96 for angles of attack from -10° to 40° subsonically 
and -5° to 20° supersonically. The angle-of -attack sweeps 
were coupled with sideslip excursions to 15° subsonically 
and to 10° supersonically. 

A complete set of inlet performance parameters for the 
selected inlet configuration (C13) is contained in Figures 31 
through 69. The parameters, presented as a function of en- 
gine airflow, include the engine-face average pressure re- 
covery, root-mean-square turbulence levels, fan distortion 
index, and maximum-minus -minimtim pressure differential data. 
Each page of plots represents data taken at a constant Mach 
nvimber and angle of attack. 

Airflow variations affect each of the performance parame- 
ters differently. Pressure recovery varies slightly with 
airflow in the low transonic Mach number range, but is in- 
sensitive to airflow at speeds equal to or greater than ap- 
proximately Mach 1.6. For angles of attack up to 30° , the 
engine -face turbulence levels do not vary significantly with 
airflow at any of the test Mach numbers. The maximum-minus - 
minimum pressure differential, while fairly insensitive to 
a variations, does vary directly with airflow. 

The test data reflect a degradation in inlet perform- 
ance with sideslip. The degradation becomes significant for 
angles of sideslip in excess of 5° and occurs at low angles 
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of attack. The degradation generally increases with airflow 
and decreases with increasing angle of attack. 

Engine-Face Circxamferential Pressure Distribution 

The engine-face steady-state instrumentation consisted 
of 40 total-pressure probes located on eight equally spaced 
rakes in five rings of equal area. Circumferential distri- 
bution plots of the individual probe pressures around each 
of the five rings are presented in Figures 70 through 80 for 
Configuration C13. Representative data are shown for Mach 
numbers of 0.9, 1.58, and 1.97. These figures show the ef- 
fect of sideslip at constant Mach number/angle-of-attack 
conditions. All data are for rated engine airflow. 

The distributions in these figures show that, for zero 
sideslip, regions of low-energy air are present near the 
duct walls at all angles of attack. The low-pressure regions 
are most prominent near the top and bottom of the duct and 
increase in severity at the higher angles of attack. 


Flow-Field Characteristics 


Flow-field total pressures were measured forward of 
the inlet at F.S. 155, at the splitter-plate leading edge 
(F.S. 160), on the splitter plate forward of the inlet lip 
at F.S. 165.5, and at the inlet throat (F.S. 175). Static 
pressures were measured on the fuselage forward of the inlet, 
on the diverter, and on the internal surface of the inlet 
cowl and duct. These data are discussed below. 

Fuselage Bound ary -Layer Characteristics 

Fuselage boundary- layer- thickness measurements were 
made 5 inches ahead of the inlet top-plate leading edge 
(F.S. 155) on the splitter-plate-only configuration (refer 
to Figures 13 and 14). The fuselage rake instrumentation 
illustrated in Figure 12, was used to obtain data on the 
model centerline (B.L. 0.0) and at 8.0 and 15.67 inches 
from the centerline (full scale) on the right-hand side of 
the model. Surveys at Mach 0.9 encompassed an angle-of- 
attack range from -9° to 6° with sideslip excursions from 
+5° to -15° . Supersonically, data were obtained at Mach 
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1.57 and 1.96 at angles of attack of -5°, 1°, and 6° with 
sideslip angles extending from +5° to -10°. These atti- 
tudes were found, from previous tests, to be the most cri- 
tical in terms of boundary- layer thickness for the airplane 
maneuver envelope. All data were taken with the nose boom 
mounted on the model forebody. Since the flow- fie Id rakes 
were located on the right-hand side of the model, most of 
the tests to obtain sideslip effects were made at negative 
P (nose right) which produced the least favorable flow field. 

The fuselage-rake data are presented in Figures 81 
through 90 in the form of sideslip sweeps at constant Mach 
number and angle of attack. These results show that a maxi- 
mum boundary- layer thickness of about 3.8 inches (full scale) 
occurs at the B.L. 0.0 rake and a maximum thickness of about 
4.0 inches occurs at the B.L. 8.0 and B.L. 15.67 rakes. ^These 
maximum thicknesses occur at Mach 0.9 and 1.96 in the -9 to 
+1 angle-of-attack range. The thickness was reduced markedly 
at 6° of angle of attack. Usually, increasing the angle of 
sideslip caused the boundary layer to become thicker. 

The standoff distances of the splitter plate from the 
fuselage at B.L. 0.0, 8.0, and 15.67 are 3.65, 4.1, and 5.4 
inches, respectively. These standoff distances are greater 
than the boundary- layer thickness except at Mach 0.9, a = -5°, 
where thickness is about 3.8 inches. For four of the 46 test 
conditions, a flow disturbance appears to fall across one 
of the rakes, resulting in a low pitot pressure recovery in 
this area, but the diverter is not designed to exclude these 
isolated disturbances. For the vast majority of flight con- 
ditions, the diverter height tested is adequate to exclude 
the low-energy fuselage boundary layer from the inlet. 

Flow Field Over the Splitter Plate 

The flow-field characteristics at the splitter-plate 
leading edge (F.S. 160) and on the plate at F.S. 165.5 were 
measured with the splitter-plate rake instrumentation illus- 
trated in Figure 13. These data were obtained over the 
same range of test conditions that were encompassed during 
the fuselage boundary layer surveys at F.S. 155. The model 
diverter height for this sequence of readings was set at 
3.65 inches (full scale) to simulate the flow field condi- 
tions for an airplane geometric diverter height of 3.3 
inches. The relationship of model and full-scale boundary- 
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layer thickness was discussed in the APPARATUS and PROCEDURE 
section. The nose boom was on the model for these tests. 

The primary objectives of these flow- field measurements 
were to (1) determine the extent, if any, of low-energy 
boundary layer air spillage over the splitter-plate leading 
edge; and (2) to detect any leading-edge-induced flow separa' 
tion on the splitter-plate ramp surface. 

The total-pressure profiles measured at Stations 160 
and 165.5 are presented in Figures 91 through 102 in the 
form of angle-of-sideslip sweeps at constant Mach/angle-of- 
attack conditions. Inspection of these data indicates that 
the diverter height of 3.65 inches at the inlet centerline 
is adequate to prevent ingestion of low-energy air for the 
vast majority of the test conditions. All of the pressure 
profiles, both at the leading edge of the lip and 5.5 inches 
aft of the lip on the inner surface, are relatively flat ex- 
cept for those at Mach 0.88/ a = -9°, where the ingestion 
of some low-energy air is indicated. These low-energy pro- 
files occur at large sideslip angles on the rakes at B.L.s 
0.0 and 8.5 and at low sideslip angles on the rake at B.L. 
17.0. These profiles reflect the conditions at which low 
pressures were measured on the fuselage boundary- layer rakes 
at F.S. 155. 

With the exception of the Mach 0.88, = -9°, = 0° 

condition, the pressure profiles measured by the rakes on 
the splitter plate 5.5 inches aft of the leading edge do not 
reveal any leading-edge-induced flow separation. The pro- 
files are relatively flat for all three test Mach numbers 
and generally reflect the presence of high-energy air on the 
ramp surface for all combinations of a and ^ tested. 

Flow-Field Characteristics at the Throat Plane 


A portion of the test ^’as devoted to establishing the 
characteristics of the flow at the throat plane (F.S. 175) 
for the baseline inlet configuration (C13). The total- 
pressure rakes shown in Figures 15 and 16 were used to ob- 
tain the throat flow- field data for a range of a I combi- 
nations at Mach numbers of approximately 0.9, 1.6, and 2.0. 
Data were taken for diverter heights of 3.65 and 3.3 inches, 
with and without the nose boom. The data, presented in Fig- 
ures 103 through 122, are restricted to data for the 3.65- 
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inch diverter height with the nose boom mounted to the model 
forebody. The data at Mach 0.9 and 1.6 are for rated air- 
flow. The data at Mach 2.0 reflect the effects of airflow. 

Subsonically , the Mach 0.9 results presented in Fig- 
ures 103 through 106 show no areas of low pressure at the 
throat except for a small area on the sidewall rake (on 
the lee side of the inlet sidewall) during sideslip. The 
pressure profiles at a = 20° are all very good. Data taken 
at a = 40° with the 3.3-inch diverter (not included in the 
figures) indicate a small area of low pressure on the inlet 
cowl (lower) lip. This low-pressure area is interpreted as 
a region of flow separation on the lip, but it is not severe 
Supersonically, the only flow separation noted in the throat 
plane data for zero sideslip and rated airflow occurs at 
Mach 1.96. The data in Figure 112 show that separated flow 
does exist near the splitter-plate surface at an angle of 
attack of -5°. The flow separation occurs at the outboard 
stations and not on the centerline. These regions of low- 
energy air diminish in extent with an increase in angle of 
attack, and completely disappear somewhere in the range of 
1° a to 6° q; . 

The data in Figures 107 through 115 show that sideslip 
has a detrimental effect on the throat-plane flow field at 
Mach 1.57, a = -5° and at Mach 1.96 in the -5° to 6° a range 
For these conditions, regions of low-energy air are induced 
near the splitter-plate surface and the side of the cowl by 
the cross flow. For all other combinations of Mach number 
and angle of attack at rated airflow, the profiles reflect 
that high-quality flow is present throughout the throat 
plane, even with 10° of sideslip. 

The effects of airflow variation on throat-pressure 
profiles are presented in Figures 115 through 122 for Mach 
1.96, the condition at which the most severe levels of flow 
separation (low-pressure regions) were observed. The air- 
flow was varied from about 107 percent of maximum rated air- 
flow to less than hot day idle airflow. These data show 
that the degree of flow separation at the throat plane 
diminishes^as the airflow is reduced. The flow separation 
at O' = -5 and ^ = 0 completely disappears at an airflow 
approximately 20 percent below rated airflow. Although 
separation occurred, the gentle curvature and expansion of 
the diffuser allowed reattachment, and good performance was 
obtained at the engine face. 
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Overall, the trends in the throat-pressure-profile data-, 
shown herein as a fxanction of airflow and angles of attack 
and sideslip, support the conclusion that throat-plane flow 
separation is induced by interaction of the normal shock 
with the boundary layer on the splitter-plate ramp surface. 

An increase in angle of attack, for example, or a decrease 
in airflow results in a reduction in the amotint of separation. 
Either of these has the effect of positioning the shock in a 
more forward location on the ramp surface where the boundary 
layer is thinner. Interaction of the normal shock with the 
thinner boundary layer would result in the trends observed 
in the test data. 

Fuselage/Diverter Static-Pressure Profiles 

Fuselage and diverter static-pressure data from the in- 
strumentation illustrated in Figure 11 were recorded during 
the test primarily to indicate the location of shock waves 
in these areas . The effects of engine-airflow variations 
on these static pressure at various angles of attack at 
zero sideslip for nominal Mach nimbers of 0.9, 1.2, 1.4, 

1.6, 1.8, and 2.0 are shown in Figures 123 through 145. 

Inlet Configuration C13 was mounted on the model. Other 
pertinent configuration details are noted on the figures. 

The dashed lines that appear in the figures at F.S. 167 and 
225 represent the beginning and ending of the diverter. 

The leading edge of the splitter plate occurs at F.S. 160. 

The blank sectiois appearing in the diverter-pressure pro- 
files at F.S. 170 and 200 correspond to erroneous pressure 
data, which was deleted from the magnetic tape used to 
generate these plots. 

The fuselage static pressures ahead of and at the 
splitter-plate leading edge reflect the behavior of the 
normal shock as a function of Mach ntmber, angle of attack, 
and engine airflow. The profile data presented for Mach 1.21 
and 1.39 indicate that, in this Mach-number range, the normal 
shock is resting on the fuselage surface or near the plate 
leading edge for all combinations of angle of attack and 
engine airflow. For Mach numbers in the range of 1.6 to 2.0 
the normal shock appears to stay on the plate at low angles 
of attack, and only approaches the leading edge at reduced 
airflows. At the high angles of attack in this Mach number 
range, however, the profiles indicate the shock does spill 
over onto the fuselage surface for airflows approximately 
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rated and below. Even though the normal shock appears to 
spill off the splitter plate at a number of conditions, 
the plate standoff distance is apparently adequate to pre- 
vent ingestion of low-energy air in quantities sufficient 
to adversely affect inlet performance. 

In general, the static-pressure profiles reveal that 
the splitter plate does not have an adverse effect on the 
approaching flow field. Those profiles near the plate 
leading edge which are not influenced by the impingement of 
the normal shock on the plate appear uniform and flat. This 
indicates that the flow characteristics into the diverter 
channel are good and that an adequate amount of flow-channel 
divergence exists. 

Cowl and Duct Static-Pressure Profiles 


Cowl and duct static pressures for the baseline inlet 
(C13) were measured by means of the instrumentation illus- 
trated in Figures 15 and 17. Pressures were measured from 
the splitter-plate leading edge and cowl lip to the simu- 
lated engine face on the top and bottom surfaces of the duct. 
Also, pressures were measured on the right- and left-hand 
cowl walls from F.S. 175 to F.S. 200. Details of the config- 
uration are noted on the data plot figures. 

The cowl and duct static-pressure data are presented 
in Figures 146 through 175 as airflow sweeps at constant 
angle of attack, zero sideslip, and constant Mach number. 

Data are shown for nominal Mach numbers of 0.6, 0.9, 1.2, 

1.4, 1.6, 1.8, and 2.0. The discontinuity in the upper 
internal-surface-pressure profiles at F.S. 167.5 and 200 
is caused by faulty pressure readings at these locations. 

The pressure distributions appearing in the figures 
exhibit trends that are typical for a normal-shock inlet. 

At the subsonic Mach numbers, at high airflows, and at 
a = 40°, there is evidence of a slight flow separation 
around the inlet lip. The pressure profiles on the upper 
surface (splitter plate) do not indicate any large pressure 
rises typical of strong shocks at Mach numbers less than 
1,6. These rather sharp pressure rises appear at Mach 1.6, 
1.8, and 2.0 for high-airflow, low-angle-of-attack test con- 
ditions. At Of = 20° and at airflows less than rated air- 
flow, there is no strong pressure rise on the splitter plate. 
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At most of the test conditions, a large part of the pressure 
rise in the inlet airflow is developed forward of the 
splitter-plate leading edge. 


Effect of Diverter Height on 
Inlet Flow Field and Performance 


Most of the testing was done with the boundary- layer- 
diverter height set at 3.65 inches (full-scale). As ex- 
plained previously, this diverter standoff distance was re- 
quired at the test Reynolds numbers to properly simulate 
the full-scale flow field with a 3.3-inch diverter on the 
airplane at a reference flight condition. During the 
throat-plane flow- field investigation on the baseline inlet 
configuration, a limited amount of data was obtained with 
the diverter height set at 3.3 inches. 

Figures 176 through 187 present throat-pressure pro- 
files and engine-face summary data obtained at the two dif- 
ferent diverter standoff distances. Comparisons are shown 
for angles of attack of -5°, 1°, and 6°, where a diverter- 
height effect is most likely to occur, for zero sideslip, 
and for Mach numbers of 1.57 and 1.96. The comparisons show 
that a decrease in diverter height from 3.65 to 3.3 inches 
has no effect on the internal flow- field data recorded at 
Mach 1.57, and only a minor effect at Mach 1.96. These 
results reinforce the fuselage-rake and splitter-plate-rake 
data discussed previously, which show that the thickness of 
the boundary layer at the centerline of the inlet is 3.3 
inches or less at these Mach numbers. 


Effects of Configuration Variables 


The data discussed in the previous sections are for 
the baseline C13 inlet configuration with the nose boom in- 
stalled on the model forebody. Several modifications to 
the baseline inlet and variations to the model configuration 
were tested to determine their effects on inlet performance. 
The changes consisted of the removal of the nose boom; the 
substitution of various cowl and splitter-plate geometries 
(a slotted-ramp splitter plate, a 13°-ramp splitter plate. 
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a 13°“porous-ramp splitter plate, and a trimmed splitter 
plate with cutback cowl); and the addition of diverter sup- 
port struts and duct vortex generators. The effect of the 
presence of throat rakes on inlet performance was also de- 
termined. The results of testing these configuration vari- 
ations are discussed in the following subsections. 

Effe ct_s of th e Nose Boo^m on Inlet Flow Field and Performance 

The supersonic flow- field data from a previous test 
showed that a thickening of the boundary layer occurred on 
the fuselage centerline at zero sideslip and low angles of 
attack. The thickening effect did not exist off the center- 
line at zero sideslip, and disappeared on the centerline with 
sideslip. It was suspected that the nose boom was producing 
this effect. 

In order that this suspicion could be confirmed or dis- 
proved, tests with and without the nose boom installed were 
conducted. Comparison plots showing the results of these 
tests are presented in Figures 188 through 205. The data 
comparisons are for zero sideslip and angles of attack of 
- 5 O, 2 ^ 0 ^ gO^ Flow-field comparisons for the fuselage 

rakes and the splitter-plate rakes are shown for Mach 1.56 
and 1.96. Comparisons of the data measured at the inlet 
throat plane and at the engine face are presented for Mach 
1.96 only. 

The results clearly indicate that the nose boom has an 
effect on the centerline flow-field characteristics at zero 
sideslip in the -5° to 1° a range, but has essentially no 
effect at 6 °. The fuselage-rake data recorded at F.S. 155 
(Figures 188 through 193) show a significant thickening of 
the boundary layer at - 5 ° ot due to the presence of the nose 
boom and a lesser thickening at 1° a . These data, however, 
indicate that the diverter height is adequate to skim off 
the additional low-energy air on the centerline caused by 
the nose boom. 

Figures 200 through 205 contain comparisons of the Mach 
1.96 data recorded at the throat plane and at the engine 
face. The throat profiles show a favorable nose-boom effect 
on the centerline of the upper-plate surface at -5° a , but 
show no effect at the higher angles of attack. The engine- 
face data comparisons, however, indicate that even though a 
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nose-boom effect is present at the forward end of the inlet, 
it is completely attenuated by the long duct and cannot be 
detected at the engine face. 

Effect of Slotted-Ramp Splitter-Plate 

The throat-rake data for inlet Configuration C13 showed 
that low-pressure regions existed near the surfape of the 
sides of the splitter plate, particularly at Mach 1.96, at 
low angles of attack and for conditions of sideslip. These 
low-pressure regions were attributed to flow separation 
caused by interaction of the inlet shock with the splitter- 
plate boundary layer. To reduce this interaction, Configu- 
ration C13A was designed to bleed off the splitter-plate 
boundary layer into the diverter channel through two trans- 
verse slots, as shown in Figure 6. 

The effects of the slotted ramp on the flow-field con- 
ditions at the throat plane and engine face are presented 
in Figures 206 through 217. Comparisons of slotted-ramp 
test data with that obtained on the baseline inlet config- 
uration are shown at Mach numbers of 1.57 and 1.96 for 
angles of attack of -5°, 1°, and 6°. 

The configuration comparison plots show that the slotted 
ramp does not offer any potential in reducing this flow 
separation, apparently due to insufficient removal of bound- 
ary layer through the slots. Figures 209 and 210 in partic- 
ular show that flow separation is still present on the slotted 
ramp at Mach 1.96 and low angles of attack. The engine-face 
data comparisons indicate that both the baseline and slotted- 
ramp configurations exhibit about the same performance level. 

Effect of the 13°-Ramp Splitter Plate 

An inlet with a 13°-ramp-included-angle splitter plate, 
designated Configuration C15A, was evaluated during the test 
as a possible method of reducing the throat-plane flow 
separation which characterizes the normal-shock type inlet 
at high freestream Mach numbers. This configuration is il- 
lustrated in Figure 7. The baseline inlet splitter plate 
(Figure 6) has a ramp included-angle of 5°. The larger ramp 
angle reduces the Mach number of the flow along the splitter 
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plate and thereby reduces the pressure rise across the normal 
shock. 

The results of the evaluation of this configuration are 
presented in Figures 218 through 229. In these figures, the 
throat- pres sure profiles and engine- face performance data of 
Configuration C15A are compared with those of the baseline 
Configuration C13. The comparisons are presented at Mach 
1.57 and 1.96 for angles of attack of -5°, 1°, and 6°. 

The throat-pressure profile comparisons at Mach 1.57 
show that there is little difference in the pressure profiles 
for the two configurations. At Mach 1.96, however, the 13° 
splitter-plate significantly reduces the degree of flow sep- 
aration at the throat at o; = 1°. At a = -5° very little 
improvement is shown in the throat pressure profile for the 
higher ramp angle. 

The engine-face data show that the 13° ramp results in 
a slightly higher pressure recovery for both Mach 1.57 and 
Mach 1.96. At Mach 1.96, however, the distortion of the 
engine-face pressure is significantly greater for the C15A 
configuration . 

Effect of 13°- Porous -Ramp Splitter Plate 

Inlet Configuration C15, shown in Figure 7, has the 13°- 
ramp splitter plate of Configuration C15A plus boundary- 
layer removal holes in the ramp surface. Details of the 
porous-ramp bleed arrangement are shown in Figure 7. 

Of the techniques evaluated during the test, this con- 
figuration offered the most potential for reducing the high- 
Mach-number throat-plane flow separation. As a result, it 
was selected as the backup inlet configuration for the YF-16 
aircraft and underwent a limited amount of performance map- 
ping across the entire test Mach number range. Upon comple- 
tion of the performance-mapping task, the porous-surface 
area was extended 2 inches (full scale) aft to evaluate the 
effect of increasing the ramp bleed. 

Figures 230 through 241 contain comparisons of test 
data for the two porous -ramp bleed configurations (basic 
C15 and C15 with increased bleed) with that obtained on the 
baseline inlet. Figures 233 and 234 show that the basic 
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amount of porous-ramp bleed (C15) completely eliminates the 
throat-plane flow separation at 1° a and reduces it at -5° a . 
The increased-bleed configuration does not provide any fur- 
ther improvement. Figures 236 through 241 show that, in 
terms of pressure recovery and turbulence levels, the C15 
configuration also exhibits the best engine-face performance. 
The maximum-minus -minimum pressure differentials, however, 
are higher than those of the baseline inlet. 

Effect of Trimmed Splitter Plate 

As a part of the effort to reduce the flow separation 
along the splitter plate at high Mach numbers, an inlet 
having a revised splitter-plate and cowl contour was tested. 
This configuration, designated Configuration C14 (called the 
"trimmed splitter-plate" configuration), is shown in Figure 
8. The principal differences between the C13 and C14 inlets 
are that the C14 inlet has a splitter plate that is 2 inches 
shorter and has a rounded, rather than a straight, leading 
edge in the plan view. The cowl sidewalls of the C14 inlets 
are cut back at their intersection with the splitter plate. 

It was hoped that the buildup of boundary layer on the plate 
surface at the outboard stations (where the throat separation 
is the most evident) would be alleviated due to the shorter 
plate length and/or a bleeding off of the boundary layer 
through the corners between the upper plate edges and the 
cowl sides. A thinner boundary layer on the plate surface, 
in turn, would reduce the extent of throat-plane flow separa- 
tion due to normal-shock/boundary-layer interaction. 

The test results for the trimmed-splitter-plate config- 
uration are presented in Figures 242 through 253, which con- 
tain comparisons of the C14 throat-plane and engine-face 
data to that for the baseline inlet. The comparisons are 
for Mach numbers of 1.57 and 1.96 and angles of attack of 
-5°, 1°, and 6° at zero sideslip. In general, the data in- 
dicate that the trimmed-plate configuration offers no real 
potential for eliminating the high-Mach-number throat-plane 
flow separation. The engine-face comparisons, however, show 
that it does have a slightly lower turbulence level when 
compared to the baseline inlet. 
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Effect of Diverter Struts 


During the final design phase of the inlet structure, 
it was anticipated that small struts might be required in 
the diverter channel for structural integrity of the upper 
plate extension. A single biconvex airfoil-shaped strut 
2 in. long by 0.25 in. thick (full scale) was located on 
each side of the inlet at B.L. 11.0 and F.S. 167, 7 in. aft 
of the splitter-plate leading edge. These struts were 
tested on the model to determine if their presence would have 
any detrimental effect on inlet performance. 

The results are presented in Figures 254 through 259. 
These figures contain comparisons of diverter static pres- 
sure and engine- face performance data as obtained on the 
baseline inlet with and without the diverter struts installed. 
The comparisons are for zero sideslip and 1° a at Mach numbers 
of 0.9, 1.58, and 1.97. They confirm that the diverter chan- 
nel flow and inlet engine-face performance characteristics 
are not adversely affected by the presence of the struts. 

Effect of Vortex Generators 


A series of runs was made during the test with vortex 
generators installed around the circumference of the subsonic 
duct at F.S. 300. The vortex generators consisted of nine 
pairs of 7-percent- thick half-circular-arc airfoil sections 
having 3-inch chords and 1.5-inch span heights (full scale). 
The pairs of vortex generators were equally spaced about 12 
inches apart around the duct. The effect of the vortex 
generators on the inlet engine- face performance character- 
istics is presented in Figures 260 through 276. Data com- 
parisons are shown at different combinations of sideslip 
and angle of attack at Mach numbers of 0.9, 1.56, and 1.96. 

The results indicate that the presence of the vortex 
generators generally causes a slight reduction in the sub- 
sonic pressure recovery, an increase in the turbulence levels, 
and a reduction in the maximum-minus -minimum pressure dif- 
ferentials. The effect is less pronounced with sideslip, 
and also appears to diminish with increasing freestream Mach 
number. Overall, these results show that the vortex gene- 
rators offer no real potential for improving the engine- face 
flow field. 
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Effect of Throat Rakes on Inlet Performance 


Engine- face perfoxrmance data shown previously in this 
report were obtained with the throat rakes removed unless 
specified otherwise. A small amount of data was taken with 
the rakes in place to determine the effect of these rakes 
on inlet performance of the C13 Configuration. 

Comparisons of engine-face performance data obtained 
on the baseline inlet configuration with and without the 
throat-rake instrumentation installed are presented in Fig- 
ures 277 through 284 as a function of corrected airflow. 

The comparisons are shown for zero sideslip and representa- 
tive angles of attack at Mach numbers of 0.9, 1.58, and 1.97. 
These data show that the throat-rake instrumentation has an 
effect on the subsonic data but has no significant effect on 
the supersonic data. The primary effect subsonically is a 
decrease in pressure recovery. The amount of reduction at 
rated airflow is approximately 0.5 percent at -9° a and 
about 1.0 percent at 20° a . 
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CONCLUSIONS 


The results of the test of a 0.15-scale underfuselage, 
fixed-geometry, normal- shock inlet show that the baseline 
inlet, with minimal splitter-plate ramp angle and without 
boundary- layer bleed, provides good performance to Mach 2.0. 
Performance at high angle of attack is especially good. The 
inlet stability and the pressure recovery, pressure uniformity, 
and turbulence levels at the engine face are satisfactory 
for most conditions within the flight maneuver envelope for 
the aircraft for which the inlet was designed. 

Conclusions concerning the specific configuration items 
tested are as follows : 

1. No throat-plane flow separation was detected at 
Mach 1.6 for the baseline inlet configuration, but 
some did occur at the outboard rake stations at 
Mach 2.0. 

2. The slotted-ramp, trimmed-plate, and 13°-solid- 
ramp configurations were not effective in eliminat- 
ing the throat-plane-flow separation observed at 
Mach 2.0 for the baseline inlet. 

3. The 13° porous-ramp bleed configuration offered 
some potential for eliminating the high-Mach-nxmber 
throat-plane flow separation. Consequently, it 
was selected as the backup inlet configuration for 
the YF-16 aircraft and underwent a limited amount 
of performance mapping. 

4. The flow- field measurements ahead of and at the 
splitter-plate leading edge confirmed that the 
3.65-inch diverter standoff distance is adequate 
to prevent low-energy air from entering the inlet. 

5. The flow-field surveys near the plate leading edge 
also confirmed that the amount of outboard diver- 
gence between the upper plate and fuselage is ade- 
quate. 
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The vortex generators offered no real improvement 
in the engine-face pressure distribution, and in 
general caused a decrease in pressure recovery and 
an increase in the turbulence levels. 

7. The nose boom caused a slight thickening of the 
boundary layer on the fuselage centerline at zero 
sideslip and low angles of attack. The effect of 
the nose boom, however, was completely attenuated 
by the long subsonic duct and was not detectable 
at the engine face. 

8. The proposed diverter struts had no adverse effect 
on inlet performance at the engine face. 

9. The throat rakes had a small effect on inlet pres- 
sure recovery at some of the subsonic test condi- 
tions. Therefore, these rakes were removed for 
the performance tests. 
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Figure 1 Model Installed in NASA Lewis Research Center 
t- 8- X 6-Ft Transonic Test Section 
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Figure 224 Effect of 13° Ramp (Configuration C15A) 
Inlet Performance 
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CONFIGURATION 


SYM. OIV. MACH WC2 CONDITION 
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Figure 230 Effect of 13° Porous-Bleed Ramp (Configuration C15) 
on Throat-Pressure Profiles 
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CONFIGURATION 


SYM. DIV. MACH WC2 CONDITION 
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Figure 232 Effect of 13° Porous-Bleed Ramp (Configuration C15) 
on Throat- Pres sure Profiles 
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Figure 233 Effect of 13° Porous-Bleed Ramp (Configuration CIS) 
on Throat- Pres sure Profiles 
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Figure 236 Effect of 13® Porous-Bleed Ramp (Configuration CIS) 
on Throat-Pressure Profiles 
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Figure 239 Effect of 13® Porous -Bleed Ramp (Configuration C15) 
on Throat- Pressure Profiles 
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Figure 240 Effect of 13° Porous-Bleed Ramp (Configuration C15) 
on Throat- Pressure Profiles 
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Figure 242 Effect of Trimmed Splitter Plate on Throat 
Pressure Profiles 
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Figure 243 Effect of Trimmed Splitter Plate on Throat- 
Pressure Profiles 
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Figure 247 Effect of Trimmed Splitter Plate on Throat 
Pressure Profiles 
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Figure 248 Effect of Trimmed Splitter Plate on Inlet 
Performance 
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Figure 256 Effect of Diverter Struts on Fuselage and 
Diverter Static Pressures 
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Figure 257 Effect of Diverter Struts on Inlet Perfomance 
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CONFIGURATION 
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Figure 260 


Effect of Vortex Generators on Inlet 
Performance 
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C13/3.6S IN. DIV. 
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C0NFI6URATI0N 

SYM. 

V.6.S 
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.83 ALPHA- 40 
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□ 
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Figure 263 Effect of Vortex Generators on Inlet 
Performance 
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Figure 264 Effect of Vortex Generators on Inlet 
Performance 
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Figure 265 Effect of Vortex Generators on Inlet 
Performance 
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CONFIGURATION 

SYM^ 

V.G.S 

MACH 

CONDITION 

C13/3.65 IN. DIV. 

o 
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ALPHA= 1 . 
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o 

IN 


BETA = -10. 
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Figure 270 


Effect of Vortex Generators on Inlet 
Perfoinnance 
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Figure 280 Effect of Throat Rakes on Inlet Performance 





Figure 281 Effect of Throat Rakes on Inlet Performance 
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Figure 284 Effect of Throat 
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APPENDIX A 


TEST PROGRAM 

0.15-SCALE YF-16 INLET MODEL 
NASA-LeRC-013 NOVEMBER-DECEMBER 1972 




DIV. 




Wo 

RUN 

CONFIGURATION 

HT. 

MACH 

a — DEG. 

DEG. 

^2 

D 

Splitter only 

3.65 

2.0 

- 5,6 

0 ,+ 5,-10 

- 


Fuselage Rakes 


2.0 

1 

0 ,+ 5 ,- 10,2 

- 


Nose Boom 


1.6 

- 5,6 

0 ,+ 5,-10 

- 




1.6 

1 

0 , + 5 . - 10,2 

- 

■ 



.9 

- 10 , - 5 , 1,6 

0 , + 5 , - 10, -15 


2 

Splitter Only 
Fuselage Rakes 

3.65 

2 . 0 , 1. 6 

- 5 , 1,6 

0,±5 

- 


No Nose Boom 






3 

Splitter Only 

3.65 

2 . 0 , 1. 6 

- 5 , 1 , 6,10 

0 ,+ 5,-10 

- 


No Fuselage 


2 . 0 , 1. 6 

1 

2 

- 


Rakes 


.9 

- 10 , - 5 , 1,6 

0 , + 5 , - 10, -15 

- 


Nose Boom 






■ 

Splitter Only 
No Fuselage 

3.65 

2 . 0 , 1. 6 

- 5 , 1,6 

0,±5 

- 


Rakes 






■ 

No Nose Boom 






5 

C13, 

3.3 

2.0 

- 5 , 1,6 

0 ,- 5, 10 

A’-' 


Nose Boom 
Throat Rakes 


2.0 

20 

0 

185 

6 

Cl 3 

3.65 

2.0 

-5 

0,-5 

A 


Nose Boom 



1.6 

0 ,- 5, -10 

A 


Throat Rakes 



6 

-10 

198 




1.6 

- 5 , 1 , 6 , 20,10 

0 ,- 5, -10 

C 




.9 

- 10 ,- 5 , 1,20 

0 ,- 5, -10 

F 


C 13 

3.65 

2.0 

- 5 , 1,6 

0,-5 

A 

1 

No Nose Boom 
Throat Rakes 


.9 

30,40 

0 ,- 5, -10 

F 

8 

Cl 3 

3.3 

2.0 

20 

0 ,- 5, -10 

A 


Nose Boom 
Throat Rakes 


1.6 

- 5 , 1 , 6 , 10,20 

0 ,- 5, -10 

C 




.9 

- 10 ,- 5 , 1 , 20 , 

30,40 

0 ,- 5, -10 

F 


*See airflow schedule at end of program. 
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APPENDIX A 


TEST PROGRAM (Continued) 








CM 

RUN 

CONFIGURATION 

!S9 

I MACH 

or DEG. 

/J'-'DEG. 

9 

C13a 

3.3 


-5,10 

0,-5 

A 


Nose Boom 



1,6,20 

0,-5, -10 

A 


Throat Rakes 



-5,10 

0,-5 

C 





1,6,20 

0,-5, -10 

c 





-5,1,20,30 

0 

F 

10 

Cl3 

3.65 

2.0 

-5 

0,-5 

A+ 


Nose Boom 



-5 

-10 

198 


No Throat Rakes 



1,6,10,20 

0,-5, -10 

A+ 




1.8 

-5,1,6,10,20 

0,-5, -10 

B+ 




1.6 

-5,1 

0, -5,-10 

C+- 

11 




1 

0,-10 

c+ 

! 




6,10,20 

0,-5, -10 

C+ 

1 




-5 

0,-5, -10 

218 





1 

-5,-10 

218 




1.4 

-5,1,6,15,25 

0,-5, -10 

O'^i 




1.2 

-10, -5, 1,6, 

0,-5, -10 

E+ 





15,30 






.9 

-10, -5,1 

0,-5, -10 j 

F"^ 

12 

Cl3 

Nose Boom 

■ 

.9 

6,10,20,30,40 

0,-5, -10 

F+ 


No Throat Rakes 

■ 

.6 

1 

0 

F • 



■ 


-10,-5,1,6,10, 

20,30,40 

0, -5,-10 




■i 


-10,-5,1,20,30 

-15 

G+ 




.9 

35 

0, -5,-10 

234 



■ 

2.0 

1 

0 

A 

13 

Cl5 

3.65 

2.0 

-5,10 

0,-5 

A 


Nose Boom 



1,6 

0,-5, -10 

A 


Throat Rakes 



20 

0 

A 

14 

C14 

3.65 


-5,1,6,10,20 

0,-5, -10 

A 


Nose Boom 
Throat Rakes 

■ 


-5,1,6,10,20 

0, -5,-10 

C 

15 

Cl3 

3.65 


-5,1,20 

0,-5, -10 

A 


Nose Boom 
No Throat Rakes 


1.6 

-5,1,20 

0,-5, -10 

C 


Splitter Struts 


.9 

-10,1,30 

0,-5, -10, -15 

F 





-5 

-15 

F 





35,37,40 

0 

F 





35 

-5,-10 

F 


NOTE: When + appears in the Wc2 column, the buzz limit was determined 

in addition to the airflow schedule shown. 
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APPENDIX A 


TEST PROGRAM (Continued) 


RUN! CONFIGURATION 

16 Ci3 

Nose Boom 
No Throat Rakes 
Splitter Struts 
Vortex Generators 




17 CL5 

Nose Boom 
Throat Rakes 
Splitter Struts 

C15A 

Nose Boom 
Throat Rakes 
Splitter Struts 


18 CIS 

Nose Boom 
Throat Rakes 
Splitter Struts 


19 CIS 

Nose Boom 
Throat Rakes 
Splitter Struts 
,3 in. more 
Blee d 

CIS 

Nose Boom 
No Throat Rakes 
Splitter Struts 
.3 in. More 
Bleed 





-5 

1 , 6,20 

- 5 , 1 , 6,20 

- 10 ,- 5 , 1 , 6 , 20 , 

30,40 

-5,1,20,30 

-10,-5,30,40 

1,6,10,20 


-5,10 

1 , 6,20 

-5,10 

1 , 6,20 

-5,10 

1 , 6,20 

- 5,10 

1 , 6,20 


- 10 ,- 5 , 1 , 10 , 20 , 

30,40 

- 5 , 1 , 6 , 10,20 

- 5 , 1 , 6 , 10,20 

-5,1,6,15,25 

-5,1,6,15,30 


.6 



0,-5, -10 

0,-5, -10 
0,-5 

-10 

0 

0,-5, -10 


0,-5 

0,-5, -10 
0,-5 

0,-5, -10 


0,-5 

0,-5, -10 
0,-5 

0.-5. -10 


2.0 -5,1,6 

1.6 -5,1,6 


,9 -10,-5,1,30,40 0,-10 




When + appears in the Wc2 column, the buzz limit was determined 
in addition to the airflow schedule shown. 


t^t^+ + o o > > 


































APPENDIX A 


TEST PROGRAM (Concluded) 



AIRFLOW SCHEDULES 

Mach No. 

Schedule 

Cori-ected Airflow 

Wc2 or 

W V^A2 

2.0 ( 1 . 96 ) 

A 

198 , 

185 , 

172 , 

156 , 

140 

1.8 ( 1 . 78 ) 

B 

215 , 

201 , 

186 , 

169 , 

150 

1.6 ( 1 . 58 ) 

C 

234 , 

218 ., 

200 , 

180 , 

160 

1.4 ( 1 . 38 ) 

D 

245 , 

229 , 

208 , 

185 , 

160 

1.2 

E 

248 , 

232 , 

210 , 

186 , 

160 

0.9 

F 

250 , 

234 , 

210 , 

186 , 

160 

0.6 

6 

214 , 

200 , 

180 , 

160 
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APPENDIX B 


CALCULATION METHOD FOR PRATT & WHITNEY DISTORTION 

PARAMETER DXl 


The principal steady-state distortion index for evalua- 
tion of engine/ inlet compatibility for the Pratt and Whitney 
FlOO engine is the parameter DXl. This parameter is the 
ratio of the fan distortion factor Ka£ to the nominal 
limiting value of Ka2 stall-free engine operation; i.e., 

DXl = ^^2 

^a2>LIM 


Ka 2 is the engine fan distortion factor and consists of 
both radial, Kra2’ circixmferential, Kq, distortion. 
In equation form 


^a2 ^0 ^ ®^a2 ’ 

where B is a factor which permits the fan circumferential 
and fan radial distortion to be considered on a common 
basis. Other notation is defined at the end of this Appendix. 

The calculation procedure for each of the distortion 
factors (Kq, described below. The steady- 

state data used in these calculations are obtained with 
40 (8 rakes/5 rings) compressor-face total-pressure probes 
located on centroids of equal area as shown in Figure B-1. 


319 



(Continued) 



APPENDIX B (Continued) 


The nomenclature given in Figure B-1 is used in the follow- 
ing description. 

Fan Circumferential Distortion Factor, Kg 


The P&WA engine specification requires the evaluation 
of the first ten Fourier coefficients for calculating cir- 
cumferential distortion. However, for this test the follow- 
ing rapid procedure was used which evaluates only the first 
three Fourier coefficients. 

1. For each test point the 40 compressor-face 

pressures are obtained. Starting with Ring 1, 
form the products (Pt2/^to) ® (Pt 2 /^to) 

sin 9 for each probe in the ring. 0 is the rake 
angle measured from Rake 1. Note that 0 is always 
an integer multiple of 45^. 

2. Use the products of Step 1 to obtain the Fourier 
coefficients a^ and b^: 


'1 _ 


= 1/4 


8 

Z 


to 


Pt2 , 

^ cos 0j 


I*l\Pto/l 


Pto 


8 

1/4 Z 
1=1 



sin Oj 


where I is the rake designation. 
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APPENDIX B (Continued) 


3 . Then 



4. Repeat Steps 1 and 2 substituting N9 (i.e., 29 and 

39) for 9 to obtain a£> i >2 and a^, b 3 . Then 

compute A^/Pto done in Step 3 (where previously, 

2 

N = 1) . Divide the quantity Ajj/P^o by N to yield 

2 9 

Aj^/N /Pto- largest value of An/N-^P^o ^ox the 

ring is designated -^N/^^^to^MAX retained. 

5. Repeat Steps 1 through 4 for each ring. 

2 

6. For each ring, form the product Ajj/N ^to^MAX 
and sum over all rings to obtain 



where J is the ring designation and Dj is the radial 
distance to each ring as indicated in Figure B-1. 

7. Obtain the sum of 1/Dj to obtain 

5 

r J- 

J»1 
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APPENDIX B (Continued) 

8. Obtain the average pressure for each ring 

8 

^ (Pto/Pto)^ , 

^ J 1=1 ^ I,J 

and the average pressure for the compressor-face 

5 

Pt2''Pto = 1/5 £ (PtzJPto)j 

J=1 

9. Calculate the percent corrected airflow and obtain 

Q/Pt2 : 



Q/Pt 2 = Wc£) (P&WA correlation) 

10. Calculate Kg using the results of Steps 6 through 9: 



Fan Radial Distortion Factor, Kra 2 

11. Normalize each ring average pressure by the 


compressor face average to establish the radial 
profile . 


323 



APPENDIX B (Continued) 



12. Enter P&WA correlation data with %W ^,2 to obtain 
the base-radial-profile, Pt2r/^t2)gASE J’ 

each ring. 

13. For each ring, compute 



14 . Then compute ^ra 2 » 



APPENDIX B (Continued) 


15. Enter P&WA correlation of B = f(%Wc 2 ) with 
%Wc£ to obtain B and compute 

Ka2 = Kq + BKra2 


16. Normalize K ^2 from Step 15 by *^a2^LiM obtain DXl 




DXl = 


Kao) 

2 LIM 


Kao) is obtained from a P&WA correlation as a 
2 lIM 

function of 7oWc2> ^od represents a first-order ap- 
proximation to the maximum value of for stall- 

free engine operation. The limiting value of DXl 
presented in this report is less than 1.0 because 
it is based on steady-state rather than instantane- 
ous peak values of ^od because no turbulence 

effects (P-pj^g) ^re included. The ultimate deter- 
mination of whether a test condition represents 
stall- free operation of the engine /inlet combina- 
tion is determined from a stability audit per- 
formed by Pratt and Whitney Aircraft. 


325 



APPENDIX B (Concluded) 


NOTATION FOR DISTORTION PARAMETER 
CALCULATION 


®N» ^N 
B 

D 

DXl 
I, J 


^a2» ^a2» ^9 


N 

P&WA 

Pt2 

Pt2 

^t2r 


^t2r 

^^BASE 

Q 

9 

9 " 


Fourier coefficients 
B- factor in Kq 2 calculation 
Diameters at the computation plane 
Normalized Kg2 

Rake and ring designation, respectively 
P&WA distortion factors 

Screening limit for Ka2 

Order of Fourier coefficients 

Pratt and Whitney Aircraft 

Pressure from a specific (I, J) rake tube 

Average of the P ^2 values 

Average of the eight Pt 2 values in a given 
ring, J 

Base-radial-profile for a given ring, J 

Dynamic pressure at the compressor face 

Angle of a rake measured from rake 1 

Greatest circumferential extent where 
P^ < P 

t2 
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